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ABSTRACT
Context. We report results from lithium abundance determinations using high resolution spectral analysis of the 107
metal-rich stars from the Calan-Hertfordshire Extrasolar Planet Search programme.
Aims. We set out to understand the lithium distribution of the population of stars taken from this survey.
Methods. The lithium abundance with account NLTE effects was determined from the fits to the Li I 6708 Å resonance
doublet profiles in the observed spectra.
Results. We find that a) fast rotators tend to have higher lithium abundances, b) log N(Li) is higher in more massive/hot
stars, c) log N(Li) is higher in less evolved stars, i.e. stars of lower log g , d) stars with the metallicities >0.25 dex do
not show the presence of lithium lines in their spectra, e) most of our planet hosts rotate slower, f) our estimate of a
lower limit of lithium isotopic ratio is 7Li/6Li >10 in the atmospheres of two SWP and two non-SWP stars.
Conclusions. Measurable lithium abundances were found in the atmospheres of 45 stars located at distances of 20-170 pc
from the Sun, for the other 62 stars the upper limits of log N(Li) were computed. We found well defined dependences
of lithium abundances on Teff , V sin i , and less pronounced for the log g . In case of V sin i we see two sequences
of stars: with measurable lithium and with the upper limit of log N(Li). About 10% of our targets are known to host
planets. Only two SWP have notable lithium abundances, so we found a lower proportion of stars with detectable Li
among known planet hosts than among stars without planets. However, given the small sample size of our planet-host
sample, our analysis does not show any statistically significant differences in the lithium abundance between SWP and
stars without known planets.
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1. Introduction
In this work we pay special attention to the determina-
tion of the lithium abundance of a sample of metal-rich
dwarf stars, mainly of spectral class G. Understanding the
chemical make-up of G-stars is fundamental to our under-
standing of star formation and stellar evolution. In many
ways, G-dwarfs are key objects to enhance our understand-
ing of our own Galactic evolution. For instance, observa-
tions indicate there are too few metal deficient G dwarfs
(’G-dwarfs problem’) with respect to that which could be
expected from simple models of chemical evolution in our
Galaxy (e.g. Searle & Sargent 1972, Haywood 2001), as
well as other bulge dominated or disk dominated galaxies
(Worthey et al. 1996, see more details in Caimmi 2011).
Lithium provides an interesting special case, because it
is the last of the few elements that is thought to have been
produced by the Big Bang (BB). Any model of the BB
can be questioned until the lithium conundrum is under-
stood. We know from BB theory that some 7Li was created
shortly after the formation of the Universe, nearly 14 bil-
lion years ago (Olive et al. 2000). The amount of 7Li pro-
duced by the BB was comparatively small, however, and
Send offprint requests to: Ya. V. Pavlenko
does not account for all the lithium we can see today.
A larger portion of the observed 7Li is made during the
Asymptotic Giant Branch phase of a small stars lifetime, i.e.
C-giants and supergiants, see Wallerstein & Conti (1969),
Abia & Isern (1997), Uttenthaler et al. (2007), and refer-
ences therein. On the other hand, lithium is a very fragile
element. Stars, which by definition must achieve high tem-
peratures (2.5×106 K) at the base of the convective enve-
lope, necessary for fusing hydrogen, rapidly deplete their
lithium, see Anthony-Twarog et al. (2009).
In general, understanding the lithium abundance in the
atmospheres of stars of different spectral types is a classical
problem of modern astrophysics, related very acutely with
the verification of many theories of the evolution of the
stars, the Galaxy, and indeed the Universe.
1.1. 7Li/6Li
Results based on the measurement of 7Li/6Li ratios in stel-
lar atmospheres are rather controversial. On one hand, the
direct measurements of 7Li/6Li in meteorites provide the
’Solar System value’, where it presumably reflects the abun-
dance that was present in the gas cloud out of which the
Sun was formed (Anders & Grevesse 1989). Lithium abun-
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dance in the solar photosphere is lower by a factor of 140 to
that in meteorites (Audouze et al. 1983) due to the burning
of lithium in nuclear reactions at the base of the convec-
tion zone (Balachandran & Bell 1998), 6Li is destroyed at
a lower temperature than 7Li , see fig. 2 in Nelson et al.
(1993) and references therein, so the ratio of 7Li/6Li in
the Solar photosphere should be ∼ 106 (Borg et al. 1970).
However, the meteoritic abundance ratio is found to be
7Li/6Li =12.14 (Borg et al. 1976). Chaussidon & Robert
(1999) reported 7Li/6Li =31 ± 4 measured in the solar
wind that has been implanted in a lunar soil. The ratio this
low suggests that some 6Li was produced by spallation reac-
tions of high energy protons originating in solar flares with
16O and 12C atoms. Furthermore, Cayrel et al. (2007) and
Ghezzi et al. (2009) showed that the spectroscopic deter-
mination of 7Li/6Li may be affected by convective motions
in stellar atmosphere, adding more uncertainty when draw-
ing conclusions from the study of the 7Li/6Li ratio. On the
other hand, Chaussidon & Robert (1999) provide some ar-
guments suggesting that the 7Li/6Li ratio has not changed
significantly during the last 4.5 billion years and that a ratio
∼ 12 represents most gas in the solar neighbourhood.
1.2. Lithium in exoplanet hosting stars
Recently, many works studying the lithium abundance dis-
tribution of exoplanet hosting stars (SWP, i.e. stars with
planets), find a depletion of lithium when compared to stars
without planets. Generally speaking, we have a rather con-
troversial picture here.
King et al. (1997) suggested a connection between Li
depletion and planet hosting after finding a difference in
the abundance for the stars of the binary system 16 Cyg,
one of which hosts a Jupiter-mass planet. However, the
general picture is still rather controversial. On one hand,
the increased rate of planet discovery in recent years has
provided more material to analyse. Israelian et al. (2004)
show that SWP that have effective temperatures in the
range 5600–5850 K exhibit a possible excess of Li deple-
tion, whereas there is no significant differences in the tem-
perature range 5850–6350 K. These results were then con-
firmed by Takeda & Kawanomoto (2005) for a sample of
160 F, G, K dwarfs and subgiants of the Galactic disk.
Gonzalez (2008) and Gonzalez et al. (2010b) found that
the Li abundances in the atmospheres of F and G SWP
with Teff <5800 K are lower than those for stars without
detected planets. SWP also have smaller V sin i values,
which confirms the link between planet formation and stel-
lar rotation. Sousa et al. (2010) and Delgado Mena et al.
(2014) showed that solar-like SWP within the temperature
range 5700<Teff <5850 K have lithium abundances that are
significantly lower than those observed for field stars with-
out any detected planets. Recently, Mishenina et al. (2016)
claimed that the lithium abundances in the planet-hosting
solar-analogue stars of their sample of 200 G-K dwarfs in
the solar neighbourhood located at distances less than 20
pc are lower than those in stars without planetary systems.
Finally, Figueira et al. (2014) showed a significant Li deple-
tion for SWP if a linear relation between the fundamental
stellar parameters Teff , [Fe/H], log g , age, and Li abun-
dance is assumed.
On the other hand, there are a number of studies that
show no tendency in Li abundance decreasing in the atmo-
spheres of SWP. Luck & Heiter (2006) found no differences
between the lithium abundances of stars with and with-
out planets. Baumann et al. (2010) showed that for solar-
like stars there are no statistical correspondence between
the lithium abundances and age for stars with and without
planets. Thus, the lithium abundance in stellar atmospheres
is not affected by the presence of a planet near to a star.
Meléndez et al. (2010) argue that the SWP with effective
temperatures near Teff ∼5800 K do not show anomalously
low Li abundances in comparison to the stars without plan-
ets.
Ghezzi et al. (2010) analysing the behaviour of the Li
abundances over a narrow range of effective temperatures
(5700K<Teff <5850 K) found subtle differences between the
stars with and without planets. But the authors note that
through this temperature range various physical processes
can affect the lithium depletion.
Using a compilation of 671 of their own measurements,
supplemented by 1381 literature measurements of stellar
parameters, Ramírez et al. (2012) show the absence of en-
hanced lithium depletion in SWP. The differences in the
lithium abundance distribution of known SWP relative to
otherwise ordinary stars appear when restricting the sam-
ples to narrow ranges of effective temperatures or mass,
but they are fully explained by age and metallicity biases.
In that way Ramírez et al. (2012) confirm the lack of a con-
nection between low lithium abundance and planets.
Finally, the narrow dispersion in the metal abundances
of the observed stars of the Pleiades, that have similar effec-
tive temperatures, but different lithium abundances, makes
it unlikely that accretion of the hydrogen-depleted planetes-
imals also plays a role in the dispersion of lithium abun-
dances (Wilden et al. 2002).
With respect to the differences of 7Li/6Li in the atmo-
spheres of SWP and those of single stars, the situation is
far from clear. On one hand, Israelian et al. (2003) claimed
the presence of a notable amount of 6Li in the atmosphere
of the planet host HD 82943. Yet Reddy et al. (2002) did
not find 6Li in several of the eight stars that were identified
in the literature as possible recipients of accreted terrestrial
material, in addition to the star HD 219542 A, the planet-
less primary of a binary.
Thus, in spite of a number of studies devoted to this
topic, there is no consensus that SWP exhibit a decreased
abundance distribution when compared to stars without
planets, meaning the presence of planets may, or may not,
affect the abundance or processing of lithium in stellar at-
mospheres.
One of the main problems of comparing planet hosts
with stars without planets is to have a proper comparison
sample. For example, Ramírez et al. (2012) used both, the
stars without planets, and the stars that indeed may have
giant planets because they do not belong to any known
planet search survey. In that sense, the current paper can
help on this issue since our CHEPS sample of non-hosts
has also been surveyed for planets. Another advantage of
this study is the homogeneity of the stellar parameters and
abundances, all of them derived in the same way and with
the same data. This is something that has not been con-
sidered in the past either by some works using and mixing
literature values.
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1.3. Lithium formation/sink processes
It is worth noting that any possible Li abundance changes
of SWP, occur within the background of other large scale
and time-dependent processes. Indeed, the production of
lithium continues in the post-BB epochs, with a larger por-
tion of the observed lithium being produced in the Asymp-
totic Giant Branch (AGB) phase of low-mass stars evolu-
tion, i.e. C-giants and supergiants. However, something is
still missing from the AGB models (see Abia & Isern 1997,
Uttenthaler et al. 2007) and an extra mixing mechanism
must be at work. The observed lithium distribution in the
atmospheres of AGB stars can be explained by the circula-
tion of material below the base of the convective envelope
moving into regions where nuclear burning can happen.
We believe that canonical AGB stars produce 7Li via
the Cameron-Fowler mechanism (Cameron & Fowler 1971),
which involves the production of beryllium deep in the hy-
drogen burning shell via the reaction 4He(3He,γ)7Be and
the immediate transport of it to cooler regions of the
star where 7Be decays to 7Li , see Sackmann & Boothroyd
(1995).
The other isotope, 6Li , however is made only via cos-
mic rays, stellar wind interactions, or in stellar flares (see
Canal et al. 1977).
Recently, Izzo et al. (2015) revealed a ’very clear signa-
ture’ of lithium speeding away from the stellar nova explo-
sion at a speed of 2 million kilometres per hour, the first
time lithium has ever been seen being produced by a nova.
Lithium can also be produced by strong stellar flares.
Murphy et al. (1990) reported convincing evidence for the
existence of the (6Li )-(7Be) feature in a strong solar limb
flare. Kotov et al. (1996) showed that sufficient amounts
of lithium might be produced in flares that could help
to explain the observed lithium abundance in the Sun.
Livingston et al. (1997) reported an enhancement of the Li
I 6708 Å resonance feature, and particularly the presence
of 7Li in sunspots, and found evidence for lithium enhance-
ment in the post-flare umbra region. It it worth noting here
that the Sun is known to be a comparatively quite star
(see Gurzadian 1984). Such events may play more promi-
nent roles in stellar atmospheres that have higher levels of
magnetic activity than the Sun, or even at other stages of
stellar evolution where the activity levels of stars are higher,
like when they are first formed. Montes & Ramsey (1998)
reported the possible detection of a Li I λ 6708 Å line en-
hancement during an unusual long-duration optical flare in
the chromospherically active binary 2RE J0743+224 with
a K1 III primary. During the flare, the Li I photospheric
line strength gradually increased by about 40%, and the
6Li /7Li ratio, as measured by the wavelength of the Li I
doublet, increased to about 10%. Due to the complicated
physics of processes in flare and post-flare stellar atmo-
spheres, we are still far from final understanding. Deter-
mination of the local enhancement of lithium abundance in
flare regions is not an easy task at all, some recent works
have not found evidences of Li production in superflares,
e.g. Honda et al. (2015).
In general, the observed lithium abundances in stellar
atmospheres at the present epoch were formed as a result
of the many different processes which vary with masses of
stars, initial lithium abundance at the time of formation,
rotation, binarity, mass accretion/loss, activity, etc. In fact,
most of the primary lithium was burning in the interiors of
stars from the times of the BB. In our epoch 6Li is observed
in the spectra of some objects, however, from the two sta-
ble isotopes of lithium, 7Li is more abundant (Choi et al.
2013).
The layout of the manuscript is as follows, in Section
2 we provide information about the stars of our sample
and the observed spectra, in Section 3 we discuss the de-
tails of the LTE and NLTE procedures of our lithium abun-
dance determination in the framework of both approaches.
Sections 4 and 5 contain the description of our measured
lithium abundance results. In the Section 6 we discuss the
comparison of our results with previously published works
and we summarise our findings.
2. Observations and data acquisition
We used the observed spectra obtained in the framework of
the Calan-Hertfordshire Extrasolar Planet Search (CHEPS)
programme (Jenkins et al. 2009). The program was pro-
posed to monitor samples of metal-rich dwarf and subgiant
stars selected from Hipparcos, with V -band magnitudes in
the range 7.5 to 9.5 in the southern hemisphere, in order
to search for planets that could help improve the existing
statistics for planets orbiting such stars, particularly the
smallest possible of this cohort.
The secondary selection criteria for CHEPS was based
on selecting inactive (logR′
HK
≤-4.5 dex) and metal-rich
([Fe/H]≥+0.1 dex) stars by the analysis of high-resolution
FEROS spectra (Jenkins et al. 2008; Murgas et al. 2013) to
ensure the most radial velocity stable targets, and to make
use of the known increase in the fraction of planet-host
stars with increasing metallicity, mentioned above. Further-
more, SIMBAD (simbad.u-strasb.fr/simbad) does not indi-
cate our stars are members of binary systems, however we
have discovered a number of low-mass binary companions
as part of the CHEPS program (e.g. Jenkins et al. 2009;
Pantoja et al. 2017).
All stars in our work were observed with the HARPS
spectrograph Mayor et al. (2003) at a resolving power of
115000, and since the spectra were taken as part of the
CHEPS program, whose primary goal is the detection of
small planets orbiting these stars, the SNR of the spec-
tra are all over 100 at a wavelength of 6000 Å. The 107
stars in this work are primary targets for CHEPS, however,
there are additional targets that have been observed with
CORALIE and MIKE that we have not included in this
work to maintain the homology of our analysis, specifically
these instruments operate at significantly lower resolution
than HARPS.
Thus far the CHEPS project has discovered 15 plan-
ets Jenkins et al. (2017) and a number of brown dwarf
and binary companions (Vines & Jenkins 2017). The high-
resolution and high-S/N of the CHEPS spectra from
HARPS allows Ivanyuk et al. (2017) the study of chemi-
cal abundances like Na, Mg, Al, Si, Ca, Ti, Cr, Mn, Fe, Ni,
Cu and Zn in the atmospheres of metal-rich dwarfs. Gravi-
ties in the atmospheres of subgiants are lower in comparison
to dwarfs, however, we carried out the same procedure for
the lithium abundance determination for the stars of both
groups. Differential analysis of the results allows us to in-
vestigate the effects of gravity, effective temperature, etc.
on the present stages of evolution of our stars.
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3. Procedure
3.1. Abundances analysis
We used the stellar atmospheric parameters (effective tem-
peratures Teff , gravities log g , microturbulent velocities
Vm , rotational velocities V sin i and abundances of Na,
Mg, Al, Si, Ca, Ti, Cr, Mn, Fe, Ni, Cu, and Zn deter-
mined for the 107 stars of CHEPS sample by Ivanyuk et al.
(2017), who used our procedure of finding the best fit of
the synthetic absorption line profiles to the observed spec-
tra using ABEL8 program (Pavlenko 2017). We used the
model atmospheres computed by Ivanyuk et al. (2017) us-
ing SAM12 program (Pavlenko 2003). Model atmospheres,
synthetic spectra were computed for the same set of input
parameters. This became the basis for our lithium calcula-
tions that we detail below.
Our LTE analysis of lithium abundances is based on the
fits of our synthetic spectra to the observed Li line profiles.
For the lithium abundance determination procedure we as-
sume that both the instrumental broadening and macrotur-
bulent broadening have Gaussian profiles. We adopt that
a macroturbulent velocity Vmac distribution in the atmo-
spheres of our stars that is similar to the case of the solar
atmosphere. For the case of the solar spectrum, the macro-
turbulent velocities mean that the measured widths of so-
lar lines corresponds to a resolution, R = 70K at 6700 Å.
This formal resolution is limited by the presence in the so-
lar atmosphere of macroturbulent motions with Vmac = 1 -
2.6 km/s, see Pavlenko et al. (2012) and references therein.
We use this value of R for all our spectra. Generally speak-
ing, Vmac varies with depth in the atmosphere, depending
on the physical state of the outer part of the convective
envelope of a star. We adopt a solar-like model of macro-
turbulence for all stars in our sample. It is worth noting
that in the case of slow rotators, the determination of V
sin i and Vmac is a degenerate problem. On the other hand,
instrumental broadening, rotational broadening and broad-
ening by macroturbulent velocities do not affect the inte-
grated intensity of absorption lines. Nevertheless, fixing the
macroturbulent velocity simplifies the procedure.
Furthermore, for the case of our 7Li/6Li analysis we
were particularly interested in gaining the most accurate
computations of the Li line profiles possible. Therefore in
the 7Li/6Li analysis we used more complicated line profiles
for the macroturbulent velocity distribution, see Section 5.
To obtain more accurate fits to the observed spectrum
we used the V sin i parameter to adjust our fits to the
observed line profiles. Rotational velocity was varied around
the values found by Ivanyuk et al. (2017) to obtain the best
fit to the observed Li lines. In most cases, differences of our
V sin i with Ivanyuk et al. (2017) does not exceed ±0.5
kms−1 .
Our simplified model does not consider changes of
Vm and Vmac with depth, differential rotation of stars, pres-
ence of spots, the effects of magnetic activity, etc. We be-
lieve that taking account of these effects should not signif-
icantly alter our results, at least as relates to the lithium
abundance determination. The detailed modelling of any of
the listed effects we outline here requires very sophisticated
analysis that is beyond the framework of our paper.
The effects of line blending were treated explicitly,
whereby only well fitted parts of the Li line profile were
used in our analysis. This approach allowed us to min-
imise effects of blending by lines of other atoms and even
CN, which depends on the unknown yet C and N abun-
dances. In this work abundances of C and N and other
non-analysed elements by Ivanyuk et al. (2017) were scaled
following [Fe/H]. The updated atomic line list VALD-2
(Kupka et al. 1999) was used in our synthetic spectra com-
putations, see Yakovina et al. (2011). 1
3.2. LTE analysis
Firstly, we determined the lithium abundances in the at-
mospheres of the stars in our sample in the framework
of the thermodynamic equilibrium (LTE) approach follow-
ing the Pavlenko et al. (2012); Pavlenko (2017) algorithm.
LTE model atmospheres and synthetic spectra were com-
puted with the SAM12 and WITA6 programs, respectively,
(see Pavlenko 1997, 2003). The fine details of our proce-
dure for the determination of abundances assuming LTE
are described in Ivanyuk et al. (2017).
Our LTE analysis of the Li abundances is mostly based
on the fits of our synthetic spectra, computed for log N(Li)
from 0.0 to 3.5 with an abundance step of 0.05 dex, to
the observed profiles of absorption lines of the resonance
lithium doublet at 6708 Å. We used the fits to observed
profiles of the Li I line in this way to minimize the effects
of blending by other lines, which is of particular importance
here due to the enhanced metallicities of our target sam-
ple. In Fig. 1 we show fits of our synthetic spectra to the
observed lithium lines in the spectra of HD 189627 and HD
190125. These two plots represent cases of the highest and
one of the lowest lithium abundances measured in the atmo-
spheres of our sample. The Li resonance doublet is blended
with the Fe I line at 6707.43 Å, and therefore to get the
most accurate Li abundance we used the not blended part
of the broad Li resonance doublet profile.
In the case of late type stars the subordinate lithium
lines at 6103 Å and 8126 Å can be used to measure the
lithium abundance, if they are strong enough in the ex-
tracted high resolution spectra, which is not always the
case. Unfortunately, the Li I subordinate triplet at 6103
Å is too weak even in the spectrum of the most Li rich
stars from our sample, see Fig. 2. Blending iron lines are
too strong here, therefore, we do not use 6103 Å Li I line
in our analysis.
Another subordinate doublet is located beyond the spec-
tral range covered by HARPS. In comparison to the work
of Ivanyuk et al. (2017), we carried out the lithium abun-
dance measurements for the fixed model atmosphere struc-
tures. Indeed, direct experiments showed that changes of
the lithium abundance that are within a reasonable range
i.e. log N(Li)<3.5, cannot affect our model atmosphere
structures across all ranges of our sample’s effective tem-
peratures and surface gravities.
3.3. NLTE abundances
To carry out the NLTE analysis for a 20-level Li atom
model, we followed the procedure described in Pavlenko
(1994) and Pavlenko & Magazzu (1996). We used the same
opacity source list and ionisation-dissociation approach as
1 Our list of atomic lines for the 6682-
6742 Å spectral region is available on
ftp://ftp.mao.kiev.ua/pub/yp/2017/Li6708/val67-08.5aug2.
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Fig. 1. Fits of the synthetic spectra to the observed lithium line
at 6708 Å for the spectrum of HD 189627 (top) and HD 190125
(bottom). The contribution of the Fe I line at 6707.473 Å in
the formation of the blend is clearly seen in both cases, and is
particularly noticeable in the spectra of HD 190125. The used
input parameters for these computations are given in the Table
A.3.
 0.2
 0.3
 0.4
 0.5
 0.6
 0.7
 0.8
 0.9
 1
 6100  6101  6102  6103  6104  6105
R
es
id
ua
l F
lu
x
Wavelength (A)
Fe I
Fe I
Ca I
Fe I
Fe I
Fe ILi I
HD189627
log N(Li) = 3.01
only Li
Fig. 2. Fits to the spectral region across the Li subordinate
6103 Å line for the star HD 189627. The red curve is the observed
spectra, the blue curve is the best fit model, and the green curve
shows the profile of the Li I line computed for log N(Li)=3.00.
The used input parameters for these computations are given in
the Table A.3.
for the model atmospheres and synthetic spectra proce-
dures, see Ivanyuk et al. (2017).
Here it is pertinent to note a few aspects of our NLTE
calculation:
Our 20-level lithium atom model allows us to consider
the interlocking of lithium lines (transitions) more appro-
priately. The ionisation equilibrium of lithium is formed by
the whole system of the bound-free transitions, where tran-
sitions from/to the second level play the main role. The ra-
diation field in bound-free transition computations is very
important in the modelling of lithium lines without LTE.
The effectiveness of the overionisation of lithium depends
directly on the mean intensities of the radiation field in the
blue part of the spectrum (Pavlenko 1989, 1991). Lithium
lines are treated here explicitly, i.e. as multiplets. Basically,
radiation transfer in the frequencies of several multiplet
lines should differ from the case of one single (strongest)
line. We account the contribution of molecular line absorp-
tion (CH, CN and other) in the frequencies of bound-bound
and bound-free transitions of Li I atom. In principle, this
should reduce the probability of photon losses from the at-
mosphere, i.e. it directly affects the processes of radiative
transfer.
3.4. NLTE curves of growth, synthetic spectra and
abundances
The NLTE computations were performed by using a mod-
ified version of the program, which is described in detail
in (Pavlenko et al. 1999). The following is an account of
the NLTE abundance corrections we have performed in this
work:
− Firstly, we compute LTE curves of growth, accounting
for the multiplet structures of the lithium 6708 lines.
− A self-consistent system of statistical balance, to-
gether with the radiation field transfer equation (NLTE
problem) was solved using the modified LINEAR2 program
(Auer & Heasley 1976).
− Using the information acquired on the NLTE popu-
lations of the lithium levels, we compute NLTE curves of
growth.
− Finally, the shift between LTE and NLTE curves of
growths provide the NLTE abundance correction for Li.
4. Results
We computed Li I lines at 6708 Å as a blend created
by multiplet transitions. LTE and NLTE abundances, as
well as NLTE lithium abundances corrections ∆NLTE =log
NNLTE(Li)-log NLTE(Li), computed for all stars with no-
ticeable Li line at 6708 Å, are shown in Tables A.2, A.3,
A.4. We found the largest NLTE lithium abundance cor-
rection to be 0.113 for HD 7950, one of the coolest stars in
our sample. For the other stars ∆NLTE are lower.
As was shown by Pavlenko (1994) for the case of G-K
stars with solar abundances, the significance of NLTE ef-
fects depends upon the line strength. Weak Li lines are
affected by the overionization processes, therefore, their
departure corrections tend to be positive (∆NLTE >0),
whereas lines of intermediate strength form in atmospheric
layers where the source function Sν(τNLTE ≈ 1) is less than
the LTE Plank function Bν(τLTE ≈ 1), and NLTE cores of
the resonance doublet become stronger than the LTE ones.
As a result, NLTE abundance corrections ∆NLTE become
negative, like we see in the case HD 189627, see Table A.3.
4.1. Sensitivity of the lithium abundance on the input
parameters
To provide fits to the observed profiles of the Li I reso-
nance doublet lines, we computed synthetic spectra using
the conventional input data: effective temperature Teff ,
gravity log g , mictoturbulent velocity Vm . All these pa-
rameters were previously computed to high precision by
(Ivanyuk et al. 2017). Uncertainties in the input data affect
the final result, i.e. lithium abundances, see Table 1. In this
table we also show the response of the lithium abundance
to changes in Teff , log g , V sin i for the cases of lithium
lines with different intensities in the observed spectra.
Interestingly, the computed changes of lithium abun-
dances are of the same order for strong and weak lithium
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Fig. 3. Abundances of lithium vs. Teff (a), log g (b), [Fe/H] (c), V sin i (d), distance (e), and Vm (f), all shown by filled boxes.
Cyan squares and blue circles mark fast rotators with high lithium and without notable lithium, respectively. Upper limits for
the lithium abundances in the spectra of stars of our sample are marked by arrows. Dwarf stars hosting substellar components
(see Jenkins et al. 2017) with and without strong lithium lines in the spectra are marked by large open circles and squares,
respectively. The polygon in (a) bounds the approximate extent of the lithium desert and it is drawn here only to guide the eye,
as in Ramírez et al. (2012). The NLTE lithium abundance in the Sun (Pavlenko 1989) is shown by the green asterisk in the blue
ring. The numeration of stars follows the ordering os stars in the Table A.5.
lines. Lithium is an element of low ionisation potential,
therefore for its abundance determination we should use the
most accurate Teff determination. Li I line abundance cal-
culations are not sensitive to the changes of log g and Vm at
the level of ±0.2 dex, and ±0.2 kms−1 , respectively. These
parameters were determined using pre-selected ’good’ Fe
I and Fe II lines by Ivanyuk et al. (2017) with an accu-
racy of ±0.2 in both parameters, so the main effect for our
lithium results is determined by the Teff choice, where the
photometric colours provide an accuracy of ±50 K for Teff .
Therefore, we conclude that our accuracy in the lithium
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abundances due to the uncertainties in Teff , log g , Vm does
not exceed 0.05 dex.
Another source of lithium abundance errors might be
the continuum level uncertainties. However, our spectra are
of a good quality with S/N ∼100 and lithium resonance
doublet is located in a comparatively low opacity spectral
region, i.e. not crowded by lines of other elements. Never-
theless, after the determination of lithium abundances by
fitting to the observed spectra, all fits were checked visu-
ally; this allows the refinements for a few cases of extremely
strong and weak lithium lines. Furthermore, we fitted only
non-blended and well defined parts of lithium resonance
doublet, this reduces the impact of uncertainty in the con-
tinuum level is lower in comparison to the equivalent width
method. Based on our experiments adding noise to spec-
trum and continuum level re-determination we believe that
the uncertainty in the lithium abundance caused by mis-
takes in the continuum level does not exceed 0.02 dex.
Due to the low potential of ionisation of lithium (5.26
eV) its lines become stronger in the spectra of stars of lower
Teff for the same lithium abundance. As a result, our upper
limits of lithium abundances decrease with lowering Teff .
4.2. log N(Li) vs. Teff
Our results for the CHEPS sample (Jenkins et al.
2017) agree well with López-Valdivia et al. (2015) and
Ramírez et al. (2012) (see Fig. 3a and fig. 4 in
López-Valdivia et al. (2015)). Lithium abundances increase
toward the high temperature edge of our sample, it reflects
the decrease of effectiveness of Li depletion in stars of higher
mass. Cooler stars have deeper convective envelopes which
allow for Li to get into hot enough regions for process-
ing to occur, see pioneering works by Boesgaard & Tripicco
(1986), Boesgaard et al. (1988), Deliyannis et al. (1990)
and Thorburn et al. (1993).
Interestingly, we did not find the stars inside the re-
gion of the so called lithium desert located approximately
at 5900 <Teff < 6200 K, log N(Li)<2. One of the hottest
stars in our sample, i.e. HD 189627, shows the highest
Li abundance log NNLTE(Li)=3.01±0.05. On the opposite
site of the measurable dependence log N(Li)=f(Teff ), we
see the coolest star in our sample, HD 128356 with log
NNLTE(Li)=0.61, a value that corresponds to the measured
values for the coolest stars in the sample of Ramírez et al.
(2012).
We divided our sample of stars with notable lithium
lines in their spectra into two bins, with abundances
of log N(Li)>2 and log N(Li)<2. Linear approxima-
tions of log N(Li)=a + b×Teff were found for these
two populations, as well as for the stars that had
only upper limits determined, and are shown in Fig.
3. The parameters b=0.00045±0.00011, 0.00085±0.00018,
and 0.00060±0.00024 were found for the stars with the
lithium abundances log N(Li)>2, log N(Li)<2, and ’with-
out notable Li’ cases, respectively. Our slopes b =
∂(logN(Li))/∂(Teff) are always positive for all of these bins.
Here it looks like we see the results of Li depletion in the
stars formed in three different epochs. If this is correct, then
the Sun with its low Li abundance belongs to the oldest
group of stars. Interestingly, the SWP with high Li abun-
dance follow the fit of Li-rich stars and the SWP with upper
limits follow the fit for the stars with upper limits.
4.3. log N(Li) vs. log g
In Fig. 3b we show the lithium abundance decreasing in
the atmospheres of stars of higher log g . The effect can be
interpreted either as a result of stronger lithium depletion
in the atmospheres of older stars, i.e. stars of higher log g ,
or due to enhanced mixing in stars with deeper convective
envelopes. Alternatively, those stars with lower log g values
would be slightly evolved and thus their Teff at the main
sequence was higher, therefore they didn’t destroy so much
Li due to their thinner convective envelopes.
Interestingly, the star with the highest measured lithium
abundance, i.e. HD 189627 with a log N(Li)=3, does not
show any peculiarity in log g . Likely, the reason for the high
lithium in its atmosphere is not related to this parameter,
see Section 4.5.
The two groups of stars with log N(Li)>2 and log
N(Li)<2 may be localised in Fig. 3b, as well as in other pan-
els of the figure. Again, we approximated the dependence of
log N(Li) vs. log g by a linear function parametrised as log
N(Li)=a + b×log g , and we found values of b=.27±0.32
and 0.17±0.16 for the two cases. Also, for all stars with
and without Li, we obtained values of b=-0.54±0.32 and -
0.09±0.12, respectively. We note that we clearly obtained a
lower degree of correlation between log N(Li) and log g for
the split sample of stars with Li.
4.4. log N(Li) vs. [Fe/H]
First of all, we do not find a notable lithium abundance
in the atmospheres of the most metal-rich stars, i.e. dwarfs
with [Fe/H]>0.25. Lithium is depleted substantially (log
N(Li)<0.0) in the atmospheres of at least 10 stars when
compared to stars toward the lower metallicity range, where
half of the stars of our sample have measurable Li abun-
dance. The lack of Li in the range [Fe/H]>0.25 dex may be
explained by internal and external reasons. Due to higher
opacities in their interiors, the most metal-rich stars may
have more developed convective envelopes. Alternatively,
these stars lost their lithium at the stage of formation of
their exoplanetary systems (planets yet to be detected),
as was suggested by Gonzalez (2015) who present a table
of SWP and a deficit of lithium paired with very similar
stars lacking planets, extending the recent similar results
of Delgado Mena et al. (2014).
The depletion of Li at high [Fe/H] was also shown
by Delgado Mena et al. (2014), and as the authors ex-
plained, this can be caused by the deeper convective en-
velopes expected for higher opacities (although some stud-
ies don’t agree with that, see Pinsonneault et al. (2001).
However, it is worth noting that such depletion can also
be caused by the Galactic chemical evolution of Li, see
Delgado Mena et al. (2015) and Guiglion et al. (2016).
4.5. log N(Li) vs. V sin i
To begin, SWP of all types rotate more slowly (Gonzalez
2015), normally explained due to biases in the detection
of these systems since slowly rotating stars are less com-
plicated for the analysis in general. We show the effect in
Fig. 3d, in which a majority of SWP are comparatively
slow rotators with V sin i ≤ 3 kms−1 . However, lithium is
observed mainly in SWP having notable V sin i .
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Table 1. Lithium abundance vs. changes of input parameters. Numbers in brackets show the V sin i used to adjust the fit of the
synthetic spectra to the resonance lithium doublet profile, (see Ivanyuk et al. 2017).
log NLTE(Li) Star Teff (K) log g Vm (km/s)
-50 +50 -0.2 +0.2 -0.2 +0.2
0.98 HD 220981 +0.05 (5) -0.05 (5) 0.0 (5) 0.0 (5) 0.0 (5) 0.0 (5)
1.00 HIP 66990 +0.05 (4) -0.05 (4) 0.0 (4) 0.0 (4) 0.0 (4) 0.0 (4)
1.02 HD 49866 +0.05 (4) -0.05 (4) 0.0 (4) 0.0 (4) 0.0 (4) 0.05 (5)
1.48 HD 221954 +0.05 (4) -0.05 (4) 0.0 (4) 0.0 (4) 0.0 (4) 0.0 (5)
1.50 HD 193995 +0.05 (5) -0.05 (5) 0.0 (5) 0.0 (5) 0.0 (4) 0.0 (5)
1.54 HD 7950 +0.05 (4) -0.05 (4) 0.0 (4) 0.0 (4) 0.0 (4) 0.0 (4)
1.90 HD 78130 0.00 (4) -0.05 (5) 0.0 (5) 0.0 (5) 0.0 (5) 0.0 (5)
1.96 HD 19493 +0.05 (4) -0.05 (3) 0.0 (4) 0.0 (4) 0.0 (3) 0.0 (4)
2.17 HD 56957 +0.05 (5) -0.05 (5) 0.0 (5) 0.0 (5) 0.0 (5) 0.0 (5)
2.43 HD 101348 +0.05 (6) -0.05 (5) 0.0 (5) 0.0 (5) 0.0 (5) 0.0 (6)
2.48 HD 6790 +0.04 (6) -0.01 (6) +0.01 (6) +0.01 (6) 0.01 (6) 0.01 (6)
2.55 HD 90520 0.0 (5) -0.01 (6) 0.0 (6) 0.0 (6) 0.0 (6) 0.0 (6)
2.75 HD 10188 +0.05 (5) 0.0 (5) 0.0 (6) 0.0 (5) 0.0 (5) 0.0 (5)
2.90 HD 19773 0 (5) -0.05 (5) -0.05 (4) 0.0 (5) -0.05 (4) 0.0 (5)
3.01 HD 189627 0.05 (9) -0.05 (9) 0.0 (9) 0.0 (9) 0.0 (9) 0.0 (9)
Table 2. Coefficients of the approximation of the dependence
of log N(Li) vs. V sin i .
a case a b c
Li on 3.26 ± 0.54 -2.23 ± 4.07 -5.00 ± -7.48
Li upper
limit 0.84 ± 0.23 1.68 ± 1.00 -2.44 ± 1.07
In Fig. 3d we highlight the high and low lithium abun-
dance ’tails’ which become visible starting at 3 kms−1 at
low abundances and at 4.5 kms−1 at high abundances. In-
terestingly, one of the most lithium rich stars in our sample,
HD 189627, shows the largest V sin i =7.8 kms−1 , and the
intrinsic Vr may be even higher. On the other hand, another
star of our sample HD 147873 is a fast rotator with V sin
i =8.3 kms−1 , but this SWP does not show any notable Li
features in its spectrum.
We found an approximation of log N(Li) vs. V sin i for
both our subsamples of stars that have strong lithium and
those without: log N(Li)=a+ b/V sin i +c/(V sin i )2, see
Fig. 3d, and Table 2. Here we see the strong correlation
between stellar rotation and lithium abundance.
4.6. log N(Li) vs. distance
The majority of our stars with noticeable lithium in their
atmospheres are located in the volume of space between
20-120 pc around the Sun. The lack of stars at distances
larger than 120 pc can be explained due to the CHEPS
selection mentioned above, since these stars are relatively
faint for the magnitude range of the survey. Most notably
here, only one star from the sample located within 60 pc
of the Sun shows a log N(Li)=2, meaning it looks like
the Sun lies in a lithium depleted part of Galaxy, if our
metal-rich sample is representative of the sample of stars in
the solar vicinity. Our stars are located at larger distances
than Mishenina et al. (2016), and most do not show notable
lithium at all. Our results show that more representative,
in the sense of distances from the Sun, larger sample should
be used for more robust conclusions.
Majority of our stars are of the thin disc population, see
fig. 1 in Ivanyuk et al. (2017). Nevertheless, we computed
the distribution of lithium abundances for thick and thin
discs, see Fig. 4. Unfortunately, our sample of thick disc
stars is not representative, but for the thin disc we see a
rather uniform distribution of lithium abundances both in
SWP and non-SWP stars of the thin disc. There are no
discovered exoplanets around the thick disc stars from our
sample. We do not find lithium rich stars (log N(Li)>1.5)
at [Fe/H]>0.3, see Section 4.4.
4.7. log N(Li) vs. Vm
We do not see any clear relation between microturbulence
and Li abundance. Microturbulent motions in the atmo-
spheres of stars of our sample characterise the properties of
convective envelopes, which should be very similar for stars
of our sample. We may suggest, at least qualitatively, that
they are not connected with the global properties of the
convective envelope which governs the processes of lithium
burning at its lower boundary.
5. 7Li/6Li
As we noted in the Introduction, the 7Li/6Li isotopic ra-
tio is of interest in many aspects of modern astrophysics.
However, technically, the measurement of the 7Li/6Li ratio
is much more challenging, in comparison to the abundance
determination. Indeed, the 7Li and 6Li resonance lines are
very finely split, they form a common blend in the observed
spectra, see Table A.1. The 6Li lines are located in the right
wing of the 7Li lines and in most cases the 7Li lines are
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Fig. 4. Distribution of lithium abundances vs. [Fe/H] for our stars in the thin and thick discs. Empty and filled rings mark the
non-SWP and SWP stars, respectively.
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Fig. 5. Spectra of the five Li-poor stars and the Sun across
the spectral range in which the Li resonance doublet lines form.
Teff , log g and [Fe/H] are also shown, and the positions of the
strongest 7Li and 6Li lines are marked by the arrows.
much stronger than the 6Li . To analyse these lines, we
should only use the highest quality observational data.
Before we can draw any conclusions, we should investi-
gate two possible effects which can affect the 7Li/6Li de-
termination:
5.1. Blending of the lithium resonance doublet lines by other
elements.
In our case, we analysed the spectra of one quasi-uniform
group of stars, whereby most of them are metal-rich dwarfs.
In Fig. 5, for some stars without detectable Li lines, we show
the narrow spectral range in which these lines appear in
spectra of Li-rich stars. We do not detect the lithium lines
in these spectra behind the spuriosity of the spectral noise.
We also show the solar spectrum from Kurucz et al. (1984),
and the 7Li lines are clearly seen in the solar spectrum.
Furthermore, we see that the S/N in the solar spectrum is
much higher than in our HARPS spectra.
5.2. Precise fits to the observed Li lines
Our HARPS spectra were observed with high enough res-
olution, i.e. R ∼ 100K, to permit accurate fitting of the
lithium lines. However, not all of the stars show the pres-
ence of Li I lines. Therefore, we restricted our analysis to
two SWP stars and two non-SWP stars, that exhibited
strong Li lines in their spectra. First of all, we note that in
our case, the effective resolution is restricted by the effects
of absorption lines broadening, not only by instrumental
broadening and rotation, but also by the macroturbulent
motions generated by the convective envelope.
The effects of macroturbulence have been well studied
for the case of solar atmosphere, and it can be explained
using more advanced, but very CPU consumable, 3D mod-
elling, (see Mott et al. 2017 and references therein). We
work in the framework of 1D modelling methods, and to de-
scribe the general profile of the Li resonance blend formed
by 7Li +6Li lines, we used a more sophisticated approach
in the treatment of the macroturbulent velocity distribution
in comparison to the simple Gaussian used in the lithium
abundance determination procedure. Indeed, 6Li absorp-
tion affect the right wing of the stronger 7Li line, see Fig.
5. Therefore, to fit the wings of lines we should use a more
advanced model of the macroturbulent velocity Vmac dis-
tribution, that allows to fit the full profile of the observed
spectrum instead of a line core fitting analysis used in the
abundance determination procedure.
Namely, for the procedure of 7Li/6Li determination
we used approach developed by Smith et al. (1976). We
adopted the broadening profile of the macroturbulent mo-
tions as Voigt functions. To avoid misunderstanding, we
labeled the function as pseudo-Voigt pV (x, a), where x and
a are exponential and Lorentzian parameters of the con-
volving profile, respectively. In our case, the values a and x
are determined by the macroturbulence and instrumental
broadening profiles.
We followed the following scheme of 7Li/6Li estimation:
– From the fit to a single Fe I absorption line profile
at 6703.58 Å, we determined the parameter a of
the pseudo-Voigt function, describing the instru-
mental broadening and macroturbulence broadening,
see left panel of the Fig. 6. It is worth noting
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that implementing the ’pseudo-Voigt broadening’
affects both the abundance and V sin i which we
used to fit the observed profile of the absorption line.
– Using the new parameters of the fits to the observed Fe
I line, we provide the fit to observed Li I resonance dou-
blets at 6708 Å. In this case, to get the best fit to the Li
line, we vary only the Li abundance and the 7Li/6Li ra-
tio. Li abundance variations do not exceed 0.05 dex, and
the value is within the error bar of the Li abundance de-
termination. Results are shown in the right panel of Fig.
6.
The fits to the observed Li lines in the spectra of the
other three stars that show notable Li lines, are provided
in the Figs. A.1, A.2 and A.3 in the Appendix.
Unfortunately, our spectra are not of sufficiently high
S/N to determine 7Li/6Li ratio with high precision. Usu-
ally, the 7Li/6Li isotopic ratio is determined from analy-
sis of the spectra of much higher S/N∼600 (see Mott et al.
2017). Still, for both of the stars we can determine the lower
limit of 7Li/6Li , i.e. 7Li/6Li >10. From our fits we may
conclude that, likely, 7Li/6Li does not differ too much from
the solar value, i.e. 7Li/6Li =12.5 (Lang 1974). To get more
accurate estimations we should use spectra of higher qual-
ity, i.e. higher S/N. We plan to perform these studies in
forthcoming works.
6. Discussion
In this paper we discuss the analysis of lithium abundances
in the atmospheres of dwarfs and subgiants that are part of
the CHEPS project, most of which are metal-rich. There-
fore, the main conclusions to be drawn from this work re-
gards the metal-rich population above the mean main se-
quence. If we make the supposition that the metallicity of
stars generally increases with time, our sample of stars were
formed in the post-solar epoch, therefore, lithium abun-
dances in their atmospheres characterise the lithium for-
mation processes at later epochs of our Galaxy’s evolution.
We carried out our analysis using 1D model atmo-
spheres, taking into account NLTE effects of the Li line
formation. Generally speaking, NLTE computations within
3D model atmospheres exist, and may be more reliable.
However, direct comparison of the 3D and 1D lithium
abundance determination results shows that the differences
do not exceed 0.02-0.04 dex for the case of red giants
(Mott et al. 2017), (see discussions on LTE and NLTE in
1D and 3D atmospheres in Asplund et al. 2003; Mott et al.
2017; Klevas et al. 2016).
In our case, the differences between 3D and 1D should
be weaker due to the higher gravities of our stars. On the
other hand, uncertainties of ±50 K in the adopted effec-
tive temperatures provide the strongest effect, see Table
1. In our paper, we use the Teff determined by photometric
methods, meaning the application of multiple colour bands.
Other input physical parameters, i.e. metallicities, gravities
and rotational velocities were determined in an independent
manner, see Ivanyuk et al. (2017), where a homogeneous set
of the observed high resolution spectra was used. For our
analysis, we only used the 6708 Å lithium line due to heavy
blending of the other lithium lines, particularly apparent in
the case of our most metal-rich stars.
Our results of log N(Li) vs. Teff appear to be similar to
those obtained by other authors, see for example, fig. 4 in
López-Valdivia et al. (2015). We did not find any stars with
notable lithium abundance inside the region of the so called
’lithium desert’, located approximately at 5900<Teff <6200
K, log N(Li)<2, in accordance with Ramírez et al. (2012).
On the other hand, the number of stars with Teff >5900 K
with lithium (9) exceeds the number of stars with depleted
lithium (4), see the left-top panel of Fig. 3. The fact that
at high Teff stars have higher Li is explained naturally by
the fact that they have thinner envelopes.
Lithium lines were found to be more abundant in the at-
mospheres of stars with a lower log g <4, see top-right panel
of Fig. 3. The ratio of stars with lithium to stars without de-
tectable lithium is 8/3=2.6, which could reflect the fact that
stars with lower log g are younger. Lithium depletion as a
function of the age of stars is discussed by Baumann et al.
(2010) and Carlos et al. (2016). On the other hand, we
might expect to see the effects of increased shearing in a
deeper convective envelope here. Therefore, more enhanced
lithium depletion. Likely, we are observing a combination
of both effects.
We do not find notable lithium lines in the spectra of
stars with metallicities higher than 0.25 dex. A similar case
can be seen in fig. 5 of Ramírez et al. (2012). Although,
the primary effect on the lithium abundance is the time
dependent lithium depletion, which depends on the age of
star. A high opacity of the metal-rich stellar atmospheres
results in an increased convection, which then leads to an
increased depletion of lithium. On the other hand, lithium
is less depleted in the atmospheres of fast rotators (see the
middle right panel of Fig. 3). This was also observed in the
Pleiades by Soderblom et al. (1993).
Hypothetically, we may suggest that these stars formed
in the local giant molecular cloud that has been photo-
evaporated over long timescale by nearby OB associations
that went supernovae, seeding the environment with the
metals we see in these stars, but leaving the remaining gas
depleted in lithium.
It appears that we have higher chance to detect planets
near slowly rotating stars. About 10% of our targets are
known to host planets. Most of the known planets in our
CHEPS sample were discovered near comparatively slow ro-
tators with V sin i <3 kms−1 , in accordance with the other
authors, (e.g. Takeda et al. 2010). In general, this agrees as
well with the work of Gonzalez et al. (2010a), that the SWP
have smaller V sin i values than the stars without detected
planets. However, this also would be the result of obser-
vational bias. Rapid rotators show broader atomic lines,
complicating the measurement of small Doppler shits in
the radial velocity measurements, e.g. Jenkins et al. 2013.
In our case, we obtained the well known correlation for the
stars of different ages between the lithium abundance and
V sin i (Martin et al. 1994; Messina et al. 2016; Beck et al.
2017). However, for the older stars, observed lithium abun-
dances show spread that indicate the dependence on their
ages and masses (Jones et al. 1997; Soderblom et al. 1993).
Most of our stars are field stars. However, they are on the
main sequence, or just leaving. Therefore, we still see the
well pronounced dependence of log N(Li) vs. V sin i . It is
clear that the general trend shows higher abundances of Li
for faster rotators, except for a few fast rotators that show
low Li, particularly the ”strange” planet host HD 147973
that rotates at 8km/s yet shows no Li. This is a significant
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Fig. 6. Left: fits to the Fe I absorption line at 6703.58 Å in the observed spectrum of the SWP star HD 224538 using the
different parameters a of our pseudo-Voigt function, ’Fe=0.08’ marks changes of the Fe abundances due to use of the pseudo-Voigt
broadening in comparison to a simple Gaussian. Right: fits to the observed Li resonance doublet with a different 7Li/6Li . 7Li=90%
means here the computed spectra with 7Li=90% and 6Li=10%, i.e. 7Li/6Li =9.
difference given that it is also a hot star Teff = 5972 K with
low log g =3.90 and a [Fe/H] =-0.1, meaning its low Li
might not be expected at all. It is likely that HD 147973 is
low mass star, i.e. a star with a thick convective envelope,
which is on the way to the main sequence. On the other
hand, when we look at the stars with rotational velocities
around 3 km/s, all the planet hosts have low Li, and it is
clear that they are not cooler than the stars with similar
rotational velocities that are non-planet hosts, at least in a
statistical sense. Our analysis does not show any significant
differences in the lithium abundance between planet host
stars and those without known planets.
Most of our stars are located at distances between 60-
120 pc, due to the selection bias present in the original
CHEPS sample that was made to select against stars cur-
rently on any other survey. We have only two stars that
show lithium at d<50 pc, and 10 stars without lithium.
The majority of our stars show Vm >1.1 kms−1 and it
is a region of the parameter space where we see most of the
stars with strong lithium, along with the most of the SWP
as well, see the bottom right panel of Fig. 3.
In our sample of 107 stars, measurable lithium lines were
found in 43 targets without planets and 2 SWP. Only upper
limits of the lithium abundance were determined for 54 stars
without planets and 8 SWP. The ratio of stars with lithium
to stars without lithium consists of 43/54=80%. In total, we
obtained a ratio of the known SWP with strong lithium to
the stars without lithium of 2/8=25%, i.e. we found a signif-
icantly lower proportion of stars with detectable Li among
known planet hosts than among stars without planets.
On the other hand, all our SWP with the measurable Li
abundance follow the known trend log N(Li) vs. V sin i for
the ’Li-rich’ stars, see Soderblom et al. (1993) and Section
4.5. This is likely a signature of the SWP and should moti-
vate a continued and expanded search among the CHEPS
stars with log N(Li)>2. Unfortunately, the current sample is
not large enough to provide precisely constrained results for
the presence of lithium in SWP compared to those without.
Therefore, we plan to carry out an expanded investigation
along these lines that cover a larger sample of stars.
In Fig. 5 we show the comparison of spectra of our stars
with the spectrum of the Sun, as a star, by Kurucz et al.
(1984). The lines of lithium in the solar spectrum are weak,
where the equivalent widths of the lithium resonance dou-
blet lines are 1.8 and 0.8 µÅ at the center of the solar disc
(Brault & Mueller 1975). In fact, the Li I lines intensity in
the solar spectrum is comparable to the intensities of the
weakest stellar lines, used in this paper to determine the
upper limit of the lithium abundances due to lower quality
of our spectra. Nevertheless, lithium in the Sun follows the
general trends seen in Fig. 3. At the very least, low lithium
abundance in the Sun agrees with the results for the other
stars of the same metallicity, Teff , log g , V sin i and Vm .
Determination of 7Li/6Li would improve our knowledge
of the stars in our sample. Unfortunately, our spectra are
not of a sufficient S/N to determine 7Li/6Li with high pre-
cision. For our two SWP and two non-SWP stars we deter-
mined only the lower limit of the 7Li/6Li , i.e. 7Li/6Li >10.
Likely, their 7Li/6Li does not differ too much from the solar
value. We plan to get more accurate 7Li/6Li estimations for
the SWP and non-SWP stars using fits to a higher quality
spectra, i.e. higher S/N.
In summary, our analyses confirm the problems faced
when trying to study possible connection between the pres-
ence of stellar atmospheric lithium and giant planets or-
biting stars. Nowadays, we witness the results of vari-
ous processes that are all at play at the same time, pro-
cesses that are variable in time and space and relate to
the sink/formation of lithium atoms in different parts of
Galaxy, see Section 1. It is likely that lithium abundance
evolution of the stars on the main sequence changes with
time and might be modulated by the long period magnetic
activity cycles, if substantial amount of lithium could be
produced by spallation reactions during strong flares, see
Wallerstein & Conti (1969) and Section 1.3. Finally, stars
form and evolve in the variable (in time and space) inter-
stellar environment. It looks like the lithium-planet hosting
connection is of a secondary importance in stellar evolu-
tion, if it does exist at all. Still, it may be more significant
across different evolutionary epochs. To establish the true
picture, we should continue to carry out the fine analysis
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of homogeneously observed and analysed extended samples
that consist of the SWP and the stars without planets, par-
ticularly focused on well constrained evolutionary phases.
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Fig. A.1. Left: The fits to the Fe I absorption line at 6703.58 Å in the observed HD 191760 spectrum using the different parameters
a of our pseudo-Voigt function. Right: Fits to observed Li resonance doublet with different 7Li/6Li .
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Table A.1. Lithium line parameters used in this work (Kurucz 1995).
λ(A) gf E′′ c2 c4 c6
7Li
6707.756 3.733E-01 0.00 7.56 -5.78 -7.57
6707.768 6.223E-01 0.00 7.56 -5.78 -7.57
6707.907 1.556E-01 0.00 7.56 -5.78 -7.57
6707.908 3.112E-02 0.00 7.56 -5.78 -7.57
6707.919 1.556E-01 0.00 7.56 -5.78 -7.57
6707.920 1.556E-01 0.00 7.56 -5.78 -7.57
6Li
6707.920 3.319E-01 0.00 7.56 -5.78 -7.57
6707.923 6.637E-01 0.00 7.56 -5.78 -7.57
6708.069 1.476E-01 0.00 7.56 -5.78 -7.57
6708.070 1.845E-02 0.00 7.56 -5.78 -7.57
6708.074 1.845E-01 0.00 7.56 -5.78 -7.57
6708.075 1.476E-01 0.00 7.56 -5.78 -7.57
Table A.2. SWP with measurable abundance of lithium and with upper limit of lithium in their atmospheres
SWP with measurable lithium
Name log NNLTE(Li) d (pc) Teff log g Vm V sin i [Fe] Mj P (d) a(AU) e
HD 48265 2.47 85.40 5651 3.92 1.4± 0.2 4.0± 0.1 0.17± 0.01 1.16 700 1.51 0.18
HD 224538 2.75 77.76 6097 4.29 1.4± 0.2 5.1± 0.1 0.09± 0.02 5.97 1189 2.28 0.46
SWP with upper limit of lithium
Name log NNLTE(Li) d (pc) Teff log g Vm V sin i [Fe] Mj P (d) a(AU) e
HD 128356 0.61 26.03 4875 4.58 0.8± 0.2 1.3± 0.1 0.34± 0.03 0.89 298 0.87 0.57
HD 147873 0.63 104.93 5972 3.90 1.4± 0.2 8.3± 0.2 -0.09± 0.02 5.14 117 0.52 0.20
HD 77338 0.80 40.75 5315 4.42 1.2± 0.2 1.3± 0.1 0.16± 0.02 0.50 6 0.06 -
HD 143361 0.95 65.66 5505 4.42 1.0± 0.2 1.7± 0.1 0.18± 0.01 3.12 1057 2.00 0.15
HD 165155 1.07 64.98 5426 4.57 1.0± 0.2 1.7± 0.1 0.07± 0.02 2.89 435 1.13 0.20
HD 154672 1.12 64.77 5655 4.16 1.2± 0.2 3.0± 0.1 0.10± 0.02 5.02 164 0.60 0.61
HD 152079 1.29 83.33 5726 4.35 1.2± 0.2 2.6± 0.1 0.16± 0.03 3.00 2097 3.20 0.60
HD 9174 1.44 78.93 5577 4.05 1.2± 0.2 2.9± 0.1 0.26± 0.01 1.11 1179 2.20 0.12
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Table A.3. Measurable abundances of lithium in the atmospheres of stars without detected planets
Name Distance Teff log g Vm V sin i Fe I log NNLTE(Li) log NLTE(Li) ∆NLTE
HD 6790 105.93 6012 4.40 0.8± 0.2 4.7± 0.2 -0.06± 0.02 2.51 2.47 0.04
HD 7950 117.37 5426 3.94 1.2± 0.2 2.7± 0.1 0.11± 0.02 1.65 1.54 0.11
HD 8446 73.64 5819 4.14 1.2± 0.2 3.9± 0.1 0.13± 0.02 2.70 2.66 0.04
HD 10188 107.64 5714 4.16 1.2± 0.2 3.8± 0.1 0.18± 0.02 2.79 2.75 0.04
HD 10278 56.31 5712 4.62 1.0± 0.2 2.9± 0.1 0.01± 0.02 1.67 1.60 0.07
HD 18708 62.85 5838 4.36 1.2± 0.2 3.6± 0.1 0.03± 0.01 1.89 1.82 0.07
HD 18754 97.66 5531 3.84 1.4± 0.2 3.2± 0.1 0.03± 0.01 2.35 2.26 0.09
HD 19493 75.76 5743 4.16 1.2± 0.2 3.0± 0.1 0.12± 0.01 2.03 1.96 0.07
HD 19773 65.36 6156 4.13 1.2± 0.2 4.2± 0.1 0.03± 0.02 2.91 2.90 0.01
HD 38467 68.35 5721 4.18 1.2± 0.2 2.8± 0.1 0.10± 0.02 1.97 1.89 0.08
HD 42538 87.95 5939 3.98 1.4± 0.2 5.7± 0.1 -0.04± 0.01 2.61 2.57 0.04
HD 55524 109.41 5700 4.22 1.2± 0.2 3.5± 0.1 0.14± 0.02 2.21 2.13 0.08
HD 56957 61.35 5674 4.09 1.4± 0.2 3.5± 0.1 0.14± 0.02 2.25 2.17 0.08
HD 66653 37.13 5771 4.42 1.2± 0.2 3.2± 0.1 -0.05± 0.02 1.95 1.88 0.07
HD 78130 60.57 5744 4.43 1.0± 0.2 2.9± 0.1 0.04± 0.02 1.97 1.90 0.07
HD 86006 76.39 5668 3.97 1.2± 0.2 3.6± 0.1 0.15± 0.02 1.92 1.83 0.09
HD 90028 84.10 5740 4.06 1.2± 0.2 4.2± 0.2 0.09± 0.02 2.54 2.48 0.06
HD 90520 66.53 5870 4.08 1.2± 0.2 5.0± 0.1 0.06± 0.02 2.55 2.50 0.05
HD 101197 82.99 5756 4.23 1.0± 0.2 4.5± 0.2 0.04± 0.02 2.20 2.13 0.07
HD 101348 81.43 5620 3.95 1.4± 0.2 4.1± 0.1 0.11± 0.02 2.50 2.43 0.07
HD 102361 83.61 5978 4.12 1.4± 0.2 7.4± 0.3 -0.15± 0.02 2.72 2.69 0.03
HD 105750 118.34 5672 4.24 0.8± 0.2 4.6± 0.1 0.06± 0.02 2.37 2.30 0.07
HD 107181 85.18 5581 4.17 1.2± 0.2 2.8± 0.1 0.22± 0.02 1.91 1.81 0.10
HD 127423 68.31 6020 4.26 1.0± 0.2 4.3± 0.1 -0.09± 0.02 2.72 2.70 0.02
HD 143120 67.29 5576 3.95 1.2± 0.2 3.7± 0.1 0.16± 0.02 2.34 2.25 0.09
HD 144550 86.06 5652 4.19 1.2± 0.2 3.8± 0.1 0.08± 0.02 2.35 2.27 0.08
HD 144848 78.93 5777 4.26 1.2± 0.2 3.5± 0.1 0.10± 0.01 1.86 1.78 0.08
HD 144899 130.04 5833 4.13 1.2± 0.2 3.5± 0.1 0.17± 0.02 2.69 2.65 0.04
HD 149189 67.16 5771 4.08 1.4± 0.2 3.6± 0.1 0.04± 0.01 2.34 2.28 0.06
HD 154221 61.01 5797 4.47 1.0± 0.2 3.0± 0.1 0.01± 0.02 1.78 1.71 0.07
HD 158469 72.15 6105 4.19 1.2± 0.2 5.3± 0.1 -0.14± 0.01 2.58 2.55 0.03
HD 189627 70.92 6210 4.40 1.4± 0.2 7.8± 0.1 0.07± 0.02 3.01 3.01 0.00
HD 190125 86.96 5644 4.53 1.0± 0.2 3.3± 0.1 0.04± 0.02 1.71 1.63 0.08
HD 191122 69.16 5851 4.34 1.2± 0.2 3.0± 0.2 0.10± 0.02 1.90 1.83 0.07
HD 191760 81.63 5816 4.10 1.4± 0.2 2.9± 0.1 0.07± 0.01 2.42 2.36 0.06
HD 193995 92.34 5661 4.09 1.2± 0.2 3.2± 0.1 0.11± 0.02 1.58 1.50 0.08
HD 194490 72.99 5854 4.44 1.0± 0.2 3.3± 0.1 -0.04± 0.02 1.76 1.70 0.06
HD 206683 67.84 5909 4.37 1.2± 0.2 3.8± 0.1 0.14± 0.02 2.25 2.19 0.06
HD 206837 166.94 5616 4.07 1.2± 0.2 2.9± 0.1 -0.01± 0.02 2.26 2.18 0.08
HD 221954 99.01 5602 4.10 1.2± 0.2 2.8± 0.1 0.19± 0.02 1.57 1.48 0.09
HD 222910 122.55 5480 4.05 1.2± 0.2 2.4± 0.1 0.13± 0.02 1.54 1.43 0.11
HIP 19807 106.84 5892 4.54 1.0± 0.2 3.0± 0.1 0.07± 0.01 1.82 1.76 0.06
HIP 31831 107.76 5845 4.29 1.2± 0.2 3.6± 0.1 0.16± 0.01 2.41 2.35 0.06
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Table A.4. Upper limits of the lithium abundances in the atmospheres of stars without detected planets
Name Distance Teff log g Vm V sin i [Fe] log NNLTE(Li) log NLTE(Li) ∆NLTE
HD 8389 30.51 5243 4.52 1.2± 0.2 1.4± 0.1 0.32± 0.03 1.16 1.01 0.15
HD 13147 117.37 5502 3.94 1.0± 0.2 2.9± 0.1 0.03± 0.02 1.11 1.02 0.09
HD 13350 108.93 5515 4.22 1.2± 0.2 2.7± 0.1 0.25± 0.01 0.76 0.64 0.12
HD 15507 58.79 5766 4.62 1.0± 0.2 2.9± 0.1 0.09± 0.02 1.41 1.33 0.08
HD 23398 77.46 5592 4.10 1.2± 0.2 2.9± 0.1 0.38± 0.02 1.48 1.37 0.11
HD 26071 90.01 5549 4.16 1.2± 0.2 2.8± 0.1 0.12± 0.02 1.05 0.96 0.09
HD 29231 28.10 5400 4.43 1.2± 0.2 1.9± 0.1 0.02± 0.02 0.59 0.50 0.09
HD 38459 35.29 5233 4.43 1.2± 0.2 4.0± 0.1 0.06± 0.02 0.87 0.70 0.17
HD 40293 73.31 5549 4.51 1.0± 0.2 1.8± 0.1 0.00± 0.02 1.18 1.09 0.09
HD 42719 70.57 5809 4.08 1.4± 0.2 4.4± 0.1 0.11± 0.01 1.16 1.10 0.06
HD 42936 46.17 5126 4.44 0.8± 0.2 1.4± 0.1 0.19± 0.02 0.96 0.78 0.18
HD 45133 62.03 5601 4.31 1.2± 0.2 2.9± 0.1 0.16± 0.02 0.84 0.72 0.12
HD 49866 93.46 5712 3.71 1.4± 0.2 4.7± 0.1 -0.12± 0.02 1.09 1.02 0.07
HD 50652 72.52 5641 4.21 1.2± 0.2 2.9± 0.1 0.12± 0.02 1.15 1.07 0.08
HD 56259 112.99 5489 3.94 1.2± 0.2 3.0± 0.1 0.11± 0.01 1.46 1.46 0.00
HD 56413 60.75 5648 4.41 1.2± 0.2 2.9± 0.1 0.11± 0.02 1.03 0.95 0.08
HD 61475 43.14 5250 4.47 1.2± 0.2 2.0± 0.1 0.10± 0.02 0.81 0.65 0.16
HD 69721 47.62 5296 4.47 1.0± 0.2 1.7± 0.1 0.14± 0.03 0.96 0.81 0.15
HD 76849 46.82 5223 5.00 1.0± 0.2 1.9± 0.2 -0.26± 0.04 0.60 0.50 0.10
HD 78286 66.36 5794 4.40 1.2± 0.2 2.9± 0.1 0.09± 0.02 1.25 1.18 0.07
HD 91682 82.99 5614 4.13 1.2± 0.2 3.0± 0.1 0.08± 0.01 1.15 1.07 0.08
HD 93849 70.27 6153 4.21 1.2± 0.2 4.3± 0.1 0.08± 0.01 0.86 0.80 0.06
HD 95136 73.21 5744 4.41 1.2± 0.2 3.1± 0.1 0.04± 0.01 1.20 1.13 0.07
HD 96494 49.43 5356 4.53 1.0± 0.2 2.8± 0.1 0.06± 0.02 0.90 0.75 0.15
HD 102196 96.34 6012 3.90 1.4± 0.2 5.9± 0.1 -0.05± 0.02 1.14 1.10 0.04
HD 106937 78.49 5455 4.05 1.2± 0.2 2.5± 0.1 0.13± 0.02 1.05 0.94 0.11
HD 108953 67.20 5514 4.43 1.0± 0.2 2.5± 0.1 0.25± 0.02 1.09 0.99 0.10
HD 126535 41.67 5284 4.65 1.0± 0.2 2.1± 0.1 0.10± 0.02 0.91 0.75 0.16
HD 149782 59.49 5554 4.34 1.2± 0.2 2.3± 0.1 -0.05± 0.02 1.03 0.94 0.09
HD 150936 79.30 5542 4.12 1.0± 0.2 4.1± 0.2 -0.03± 0.02 1.32 1.21 0.11
HD 165204 76.16 5557 4.33 1.0± 0.2 2.7± 0.1 0.17± 0.02 1.07 0.98 0.09
HD 170706 118.06 5698 4.40 1.0± 0.2 3.0± 0.1 0.13± 0.02 1.26 1.18 0.08
HD 178340 46.75 5538 4.38 1.2± 0.2 2.0± 0.1 0.16± 0.01 0.91 0.79 0.12
HD 178787 46.77 5216 4.44 1.0± 0.2 1.6± 0.1 0.14± 0.02 0.94 0.77 0.17
HD 185679 65.45 5681 4.43 1.0± 0.2 2.8± 0.1 0.01± 0.02 1.29 1.20 0.09
HD 186194 86.96 5668 4.30 1.2± 0.2 2.9± 0.1 0.07± 0.01 0.86 0.75 0.11
HD 186265 87.26 5562 4.39 1.2± 0.2 2.5± 0.1 0.27± 0.02 1.06 0.96 0.10
HD 193690 62.46 5558 4.48 1.0± 0.2 2.3± 0.1 0.15± 0.02 1.13 1.04 0.09
HD 200869 62.70 5401 4.37 1.0± 0.2 1.7± 0.1 0.25± 0.02 0.93 0.79 0.14
HD 201757 73.91 5597 4.23 1.2± 0.2 3.7± 0.1 0.05± 0.02 1.11 1.03 0.08
HD 218960 93.28 5732 4.27 1.2± 0.2 3.5± 0.1 0.05± 0.01 1.21 1.14 0.07
HD 219011 85.47 5642 4.21 1.2± 0.2 3.0± 0.1 0.13± 0.02 1.15 1.07 0.08
HD 219556 59.21 5485 4.44 1.0± 0.2 2.0± 0.1 0.04± 0.02 1.03 0.93 0.10
HD 220981 62.58 5567 4.33 1.0± 0.2 2.4± 0.1 0.11± 0.02 1.07 0.98 0.09
HD 221575 32.79 5037 4.49 1.4± 0.2 3.3± 0.1 -0.11± 0.03 0.98 0.80 0.18
HIP 28641 90.33 5747 4.45 1.0± 0.2 3.0± 0.1 -0.01± 0.02 1.41 1.33 0.08
HIP 29442 76.22 5322 4.43 0.8± 0.2 1.8± 0.1 0.26± 0.02 0.91 0.75 0.16
HIP 43267 79.55 5642 4.29 1.2± 0.2 2.6± 0.1 0.12± 0.02 1.41 1.31 0.10
HIP 51987 85.25 6158 5.10 1.0± 0.2 2.8± 0.1 0.27± 0.02 1.52 1.48 0.04
HIP 53084 60.98 5527 4.32 1.0± 0.2 2.6± 0.1 0.25± 0.02 1.11 1.01 0.10
HIP 57331 79.49 5531 4.21 1.2± 0.2 2.8± 0.1 0.09± 0.01 1.47 1.37 0.10
HIP 66990 72.99 5595 4.15 1.2± 0.2 2.8± 0.1 0.16± 0.02 1.08 1.00 0.08
HIP 69724 67.29 5793 4.79 1.0± 0.2 2.5± 0.1 0.28± 0.02 1.54 1.47 0.07
HIP 111286 97.37 5690 4.19 1.2± 0.2 3.0± 0.1 0.07± 0.02 1.49 1.36 0.13
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Table A.5. Full list of stars and their NLTE and LTE Li abundances.
Upper limits are maked by itallic fonts.
Name log NNLTE(Li) log NLTE(Li)
1 HD 6790 2.51 2.48
2 HD 7950 1.65 1.54
3 HD 8389 1.16 1.01
4 HD 8446 2.70 2.66
5 HD 9174 1.44 1.33
6 HD 10188 2.79 2.75
7 HD 10278 1.67 1.60
8 HD 13147 1.11 1.02
9 HD 13350 0.76 0.64
10 HD 15507 1.41 1.33
11 HD 18708 1.89 1.82
12 HD 18754 2.35 2.26
13 HD 19493 2.03 1.96
14 HD 19773 2.91 2.90
15 HD 23398 1.48 1.37
16 HD 26071 1.05 0.96
17 HD 29231 0.59 0.50
18 HD 38459 0.87 0.70
19 HD 38467 1.97 1.89
20 HD 40293 1.18 1.09
21 HD 42538 2.61 2.59
22 HD 42719 1.16 1.10
23 HD 42936 0.96 0.78
24 HD 45133 0.84 0.72
25 HD 48265 2.47 2.40
26 HD 49866 1.09 1.02
27 HD 50652 1.15 1.07
28 HD 55524 2.21 2.13
29 HD 56259 1.46 1.35
30 HD 56413 1.03 0.95
31 HD 56957 2.25 2.17
32 HD 61475 0.81 0.65
33 HD 66653 1.95 1.88
34 HD 69721 0.96 0.81
35 HD 76849 0.60 0.50
36 HD 77338 0.80 0.65
37 HD 78130 1.97 1.90
38 HD 78286 1.25 1.18
39 HD 86006 1.92 1.83
40 HD 90028 2.54 2.48
41 HD 90520 2.55 2.55
42 HD 91682 1.15 1.07
43 HD 93849 0.86 0.80
44 HD 95136 1.20 1.13
45 HD 96494 0.90 0.75
46 HD 101197 2.20 2.13
47 HD 101348 2.50 2.43
48 HD 102196 1.14 1.10
49 HD 102361 2.72 2.74
50 HD 105750 2.37 2.30
51 HD 106937 1.05 0.94
52 HD 107181 1.91 1.81
53 HD 108953 1.09 0.99
54 HD 126535 0.91 0.75
55 HD 127423 2.72 2.70
56 HD 128356 0.61 0.43
57 HD 143120 2.34 2.25
58 HD 143361 0.95 0.83
59 HD 144550 2.35 2.27
60 HD 144848 1.86 1.78
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61 HD 144899 2.69 2.65
62 HD 147873 0.63 0.60
63 HD 149189 2.34 2.28
64 HD 149782 1.03 0.94
65 HD 150936 1.32 1.21
66 HD 152079 1.29 1.20
67 HD 154221 1.78 1.71
68 HD 154672 1.12 1.04
69 HD 158469 2.58 2.55
70 HD 165155 1.07 0.96
71 HD 165204 1.07 0.98
72 HD 170706 1.26 1.18
73 HD 178340 0.91 0.79
74 HD 178787 0.94 0.77
75 HD 185679 1.29 1.20
76 HD 186194 0.86 0.75
77 HD 186265 1.06 0.96
78 HD 189627 3.01 3.01
79 HD 190125 1.71 1.63
80 HD 191122 1.90 1.83
81 HD 191760 2.42 2.36
82 HD 193690 1.13 1.04
83 HD 193995 1.58 1.50
84 HD 194490 1.76 1.70
85 HD 200869 0.93 0.79
86 HD 201757 1.11 1.03
87 HD 206683 2.25 2.19
88 HD 206837 2.26 2.18
89 HD 218960 1.21 1.14
90 HD 219011 1.15 1.07
91 HD 219556 1.03 0.93
92 HD 220981 1.07 0.98
93 HD 221575 0.98 0.80
94 HD 221954 1.57 1.48
95 HD 222910 1.54 1.43
96 HD 224538 2.75 2.73
97 HIP 19807 1.82 1.76
98 HIP 28641 1.41 1.33
99 HIP 29442 0.91 0.75
100 HIP 31831 2.41 2.35
101 HIP 43267 1.41 1.31
102 HIP 51987 1.52 1.48
103 HIP 53084 1.11 1.01
104 HIP 57331 1.47 1.37
105 HIP 66990 1.08 1.00
106 HIP 69724 1.54 1.47
107 HIP 111286 1.49 1.36
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